10 Steps to Pump Reliability - Part 1

By Tom Dabbs and Dan Pereira

Pump reliability is an old topic, but it is just as relevant today as it was
the first time we heard it a few decades ago. There are some very good
reasons to focus on improving pump reliability:

+ The average annual maintenance and operations spending on centrifugal

pumps is 50 percent greater than for any other type of rotating machine
(FiveTwelve Group, August 2006).

- Centrifugal pumps in many plants consume more than 50 percent of total
plant motor energy (Hydraulic Institute).

- Pumps consume more energy than any other class of industrial equipment
(U.S. Department of Energy, 2005).

+ A Finnish Research Center study of centrifugal pump performance (“Expert

Systems for Diagnosis and Performance of Centrifugal Pumps,” 1996) found
that the average pumping efficiency was less than 40 percent for 1,690
pumps reviewed across 20 different plants, including all market segments.
The study also revealed that 10 percent of the pumps were less than 10
percent efficient.

A large cross-section of our customers operate between 500 and 2,000 pumps
in many of their locations, as well as thousands of other pieces of complex
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rotating equipment (e.g., compressors, mixers, fans, blowers, conveyors, etc.),
spending an average of $5.5 million annually on maintenance, operation and
energy. While these machines have a one-time cost of a few thousand dollars
each to purchase and install, the cost to operate them exceeds $10 thousand
each per year. This includes maintaining, operating and providing energy for
the life of the pump. Many of our customers are in a constant struggle to lower
costs and improve output of their plants, and we believe that improving pump
reliability is a very sound approach for accomplishing these goals.

The rewards for achieving pump reliability are great and the effort, on the
surface, seems fairly simple. After all, most of the elements of reliability are just
common sense. But Ralph Waldo Emerson expertly put this idea into
perspective when he said:

” Common sense is as rare as genius.”

The tough part is that no matter how well conceived or how well implemented,
reliability efforts require people to act in very specific and consistent ways to
sustain the effort. Furthermore, it takes tremendous leadership and discipline
to initiate these efforts and keep them on course. Reliability improvement
efforts also require inclusion of all plant functions to be successful. We need to
capitalize on our collective knowledge, experience and even our failures to
guide the efforts to improve bottom-line performance. For instance, include
maintenance personnel and reliability engineers in new equipment designs and
selections by bringing their knowledge and failure cause history to the table;
have operators participate in performance specifications to make them as clear
as possible; challenge purchasing to choose vendors and make final
equipment selections based on best total cost of ownership as opposed to
lowest purchase price; and consult stores personnel on existing stock of spare
parts to minimize duplication and identify opportunities to standardize. There
are other inclusions we can make, but you get the picture; make everyone in
the business a part of your reliability efforts. Now let’s get to the 10 steps to
pump reliability.

The top 10 steps you can take to achieve sustainable pump reliability are:
1. Proper Design and Equipment Selection.

2 Proper Installation and Commissioning.

3. Proper Flow Control.

4 Proper Operation.
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9.
10.

Proper Maintenance.

Stock the Right Parts.

Monitor Efficiency.

Track Lifecycle History.

Establish a Pump Management Program.
Establish a Configuration Management Process.

Note: Steps 6 through 10 will be discussed in the December/January issue of
Uptime magazine.

1. Proper Design and Equipment Selection

Pump specifications should spell out all operating requirements and
operating parameters. Some considerations are:

Best efficiency point (BEP) of the selected pump;
Flow;

Pressure;

NPSHA,;

Speed;

Voltage;

Fluid type;

Specific gravity and PH;
Metallurgy;

Inlet and outlet pipe sizes;
Operating temperature;
Viscosity;

Solids Present;

Chemical reactivity;

Vapor pressure;

Entrained air/gases;

Seal arrangement;

Bearing lubrication method;
Pipe size and configuration;

Physical location and environment, etc.
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A complete and accurate specification is the first step to establishing a reliable
pumping system.

Many engineers tend to specify oversized pumps and excessive horsepower
drivers on the premise that it is better to err on the side of having too much
power for the application than too little. And if the flow of the system is too high
coming out of the pump, it simply can be throttled in the discharge side. This
approach, although very common, is a very inefficient and very costly way to
design a system. It increases energy costs for operating the pumping system,
reduces the operating life of the equipment and will most likely increase the
frequency of failure.

To understand why this is true, you have to understand the basics of how a
pump works. Centrifugal pumps operate with a rotating impeller that imparts
velocity energy to a liquid. The impeller accelerates the liquid and discharges
it into the casing and, as the casing area increases, the velocity energy is
converted to pressure. Higher velocity brings higher pressure.

Pumps are designed for specific flow ranges. When a pump is sized properly
and is operating optimally, or at its best efficiency point (BEP), liquid flow is
constant and radial forces acting on the impeller are at a minimum. This allows
the pump to experience the highest efficiencies and lowest vibration. If the
pump runs off-BEP at an increased or reduced flow rate, an imbalance of
pressure will occur inside the pump. This imbalance can cause shaft deflection,
excessive loads on bearings and mechanical seals, excessive vibration and
heat, all of which significantly reduce the life of the pump and increase the
likelihood of premature failure. Because the majority of pump operating
conditions are dynamic and actual flow and pressure requirements fluctuate, it
makes it extremely important to size the pump to operate at or near its BEP.
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Centrifugal Pump Characteristics

EFFICIENCY

70% BEP

Pumps operating away from BEP display a myriad of issues, none of which
contribute to good reliability or efficiency. BEP occurs when the angle of the
fluid entering the eye of the impeller is parallel to the impeller blade. Operating
away from BEP changes the angle of the fluid to the inlet vane and increases
the possibility of premature or catastrophic failure of the pump. By causing
suction or discharge recirculation, or cavitations, this leads to excessive
vibration, increased shaft deflection, increased bearing loads and reduced seal
life.

2. Proper Installation and Commissioning

When a pump is delivered to a site, it's important to take time to inspect it to
ensure it matches the order information and has not been damaged. If the
pump is stored for less than six months, you only need to store it in a clean,
dry environment that is free from contamination and excessive heat and
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vibration to keep it in good condition. If the pump is stored for more than six
months, continue to follow these same guidelines and also begin to rotate the
shaft by hand at least every three months to prevent brinelling of the bearing
surfaces.

It is important to provide a rigid and flat concrete foundation that weighs two to
three times as much as the pump. This will absorb any type of vibration and
should prevent strain and distortion when you tighten the foundation bolts.
There is much detail to preparing a proper foundation and the vendor’'s
installation manual is a good reference for keeping things on track.

Another good practice is to never draw piping into place by using force at the
flanged connections of the pump. This can introduce significant strains on the
unit and cause misalignment between the pump and driver. Pipe strain
adversely affects the operation of the pump, which may result in physical injury
and/or damage to the equipment.

Installation and commissioning represent a very small portion of the overall
total cost of ownership (TCO). However, improper installation and
commissioning will result in problems that significantly reduce the reliability of
the pump. These problems often do not surface for a period of time and can
require significant time and cost to resolve (e.g., redesign, base plate or
foundation replacement, piping modifications, etc.). Often these issues are not
resolved due to the time and cost required to solve them, thus resulting in
reduced life and higher cost of ownership.

Here are some wise rules to follow during installation to avoid premature
failure:
« Locate the pump as close to the liquid source as possible.

. Make sure there is adequate space around and above the pump for
safety, ventilation, inspection, installation/removal and maintenance.

« Protect the unit from weather and water damage due to rain, flooding and
freezing temperatures.

« Do not install and operate the equipment in closed systems unless the
system is constructed with properly-sized safety devices and control
devices.

« Take into consideration the occurrence of unwanted noise and vibration.
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. Follow all safety, installation, alignment, startup, shutdown and operating
procedures outlined in your vendor’'s manual.

. Utilize APl 686 Standards/Tolerances, or at a minimum the Hydraulic
Institute’s standards/tolerances, where applicable.

. Ensure that the distance between the inlet flange of the pump and the
closest elbow is at least five pipe diameters. This minimizes the risk of
cavitation in the suction inlet of the pump due to turbulence.

« Ensure that elbows in general do not have sharp bends and that the
suction piping is one or two sizes larger than the suction inlet of the pump.

« The suction piping must never have a smaller diameter than the suction
inlet of the pump.

. Ensure that no part of the suction piping extends below the suction flange
of the pump, is adequately below the surface of the liquid source and is
level or sloping downward from the liquid source.

« Net positive suction head available (NPSHA) must always exceed NPSH
required (NPSHR).

« When checking rotation prior to start-up, disconnect the pump from the
driver to prevent the pump from operating in reverse rotation. Reverse
rotation can result in the direct contact of metal parts, excessive heat
generation and catastrophic failure.

3. Proper Flow Control

Flow control is a very important element for optimizing the efficiency and
lifecycle cost of a pumping system. Controlling flow by throttling a valve in the
discharge line is a widely used approach for controlling the flow, but is generally
very inefficient and costly in the long run. Pumping fluid against a partially
closed control valve consumes tremendous amounts of energy and can cause
premature pump failure. This method of flow control modifies the point in which
the system curve intersects the pump curve and, if it is significantly away from
BEP, pump life will be diminished.

During the design phase, variable frequency drives (VFDs) should be
evaluated for flow control. VFDs cost more to purchase and install and aren’t
feasible for every situation, but in many cases, smaller horsepower
requirements and increased energy efficiency can offset the initial cost. The
utilization of a VFD allows the pump to remain close to BEP over a range of
flow by varying the speed of the driver. The VFD allows the pump curve to be
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adjusted along the system curve as opposed to the use of a control valve that
modifies the system curve.

Another method of flow control is the use of a bypass line with a fixed speed
driver. This method allows the flow through the pump to remain constant,
hopefully at BEP, while modulating the flow rates downstream and diverting
some of the fluid back to the source. Under no circumstances should the pump
flow be adjusted from the suction side of the pump. In doing so, the risk of
pump damage far exceeds any possible benefit. Modifying the flow from the
suction side of the pump will result in reduced pump life and unsafe conditions
that could destroy the equipment and cause serious injury or death.

4. Proper Operation

During operation of the pump, critical performance elements like flow,
pressure, temperature, vibration, current load and cleanliness should be
continuously monitored to ensure the pumping system is operating efficiently
and effectively.

As noted before, it is crucial that pumps are sized properly and operate at the
optimum speed to meet the flow and head requirements while remaining at the
BEP for the majority of run time. Additionally, it is extremely important to
operate the pump properly to guarantee that the equipment will reach its useful
design life and for the safety of plant personnel. Pump damage (bearing/seal)
is cumulative. Regardless of the level of damage, it remains with the
components until the parts are ultimately replaced. Multiple episodes of
improper operation will cause the pump to fail prematurely.

Some pump operation rules to follow are:
« The suction valve is 100 percent open at all times.

. Discharge flow is adjusted to ensure that there is adequate back pressure
to eliminate water hammer or running out to maximum flow.

« Pump is primed and air vented prior to start up.
. Seal flush systems are operational prior to start up.
. Lubrication is at proper level and meets specified quality standards.

« Pump must be operated at a speed to maintain adequate flow through
the pumping system. (Above minimum flow rate stated by the
manufacturer).
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« Pumps should not be operated for long periods of time at maximum flow
rate.

« Do not operate the pump without coupling guards correctly installed.

« Pumps should not be operated with the discharge valve completely
closed for extended periods of time.

« Do not allow the pump to rotate in reverse.

Failure to follow these rules may result in elevated temperatures, excessive
vibration, potential flashing of liquid, cavitations and excessive pressure build-
up, which may lead to catastrophic or premature equipment failure, personnel
injury, or death.

5. Proper Maintenance

Maintenance is the second highest cost element of TCO at 20 percent, aside
from energy at 32 percent, so it is extremely important to establish and follow
a rigorous maintenance program to keep pumps in good operating condition
and maximize their useful life.

Maintaining pumps is fairly straightforward; you generally do the same things
you do to any rotating equipment. In our experience, the highest cause of pump
failure is improper operation that causes seal failure and improper lubrication
that causes premature bearing failure.

The first order of business is to establish a condition-monitoring (CM) program
that includes as many technologies that can be justified. Conditions that should
be considered that require some investment in technology are:

« Flow;

o Pressure;

« Temperature;

« Vibration;

« Ultrasound;

« Amp Draw.

Acceptable ranges should be established for each of these parameters with
actual readings compared each time they are taken. Readings should be
trended over time to identify any trends that require further analysis. Many
computerized maintenance management systems are capable of having these
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conditions directly entered into the system electronically and will provide trend
charts for timely analysis.

Other conditions that should be considered by more traditional time-based
preventive maintenance (PM) activities are:

« Lubrication (manufacturer’s specifications);

. Seal water flow or packing integrity;

« Cleanliness;

« Proper air flow;

« Foundation or base plate issues;

« Piping system hangers and support integrity;
« Inspect coupling guards;

« Loose bolts.

Professional planning and scheduling techniques must be employed to ensure
all condition-monitoring and preventive maintenance activities are properly
planned and scheduled. To ensure the right actions are performed at the right
frequency and action is taken to resolve any issues resulting from the routines,
planning and scheduling cannot be emphasized enough. After all, the issues
that are resolved before they evolve into breakdowns are the returns from the
CM/PM investment.

Another important element of a good maintenance program is employing sound
reliability engineering techniques aimed at eliminating failure. Stanley Nowlan
and Howard Heap, the pioneers of reliability-centered maintenance (RCM),
concluded that to improve the reliability of a machine, you had to understand
how it could fail and provide a means to eliminate the failure. Eventually, you
would eliminate all the ways it could fail and end up with a more reliable
machine. As it turns out, they were right. Manufacturers of aircrafts and
automobiles, and many others, have used these techniques very well to
significantly improve reliability of their products.

If you have included these steps in your pump management strategy, you are
well on your way to optimizing cost and plant output. This may seem like a lot
of effort to keep pumping systems running reliably, but when you compare the
effort to the cost of continuous inefficiency and repeat failures, it makes it all
worthwhile. Remember, all that you learn about keeping pumping systems
running effectively and efficiently can be directly applied to all other assets,
making this investment even more valuable. Please read the upcoming
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conclusion of this article, Ten Steps to Pump Reliability (Part 2), in the
upcoming December/January issue of Uptime magazine.

10 Steps to Pump Reliability - Part 2

by Tom Dabbs and Dan Pereira

Hopefully you read Part 1 of “Ten Steps to Pump Reliability” and have been
anxiously awaiting to read Part 2 of the article. You may get the impression that
implementing these steps will be costly and very difficult to achieve. The thing
you need to bear in mind is: “You are already spending the money.” The only
question is: “Are you getting the result from your pumping systems that you are
looking for?”

If you can create an environment that allows your entire team to become
engaged in implementing these concepts, it will be the best investment you
ever made. Deming said it best:

“Your system is perfectly designed to give you the results you are
getting.”

The decision is simple; if you want a different result you must change the
system or continue living with the results you are getting.

We have collaborated to give you the benefit of our collective knowledge and
experience with pumping systems and reliability techniques in hopes that it will
help you improve the results you are getting and help make your business more
profitable.

Now let’s review steps 6-10 and finalize your journey to improve your pump
reliability. The top 10 steps you can take to achieve sustainable pump reliability
are:

Proper Design and Equipment Selection
Proper Installation and Commissioning
Proper Flow Control

Proper Operation

Proper Maintenance

Stock the Right Parts

Monitor Efficiency

© NOoO Ok wDd =

Track Lifecycle History
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9. Establish a Pump Management Program
10. Establish a Configuration Management Process

Note: Steps 1 through 5 were discussed in the October/November 2012 issue
of Uptimemagazine.

6. Stock the Right Parts

One of the easiest and fastest ways to improve pump reliability is to use parts
that meet the manufacturer’s original specifications. In the pump industry, there
are many parts replicators that sell replacement parts at reduced prices.
Unfortunately, many times these parts do not meet specifications and do not
have adequate quality procedures in place. Invariably, when we are asked to
perform root cause analysis for our clients, these substandard parts are the
culprit. If you choose to buy parts from replicators, make sure the supplier
demonstrates the specifications and quality procedures that are used to
produce the parts. But remember, the only time it makes sense to buy parts
from replicators is when the original specified parts are no longer available.

To minimize the amount of parts stored in the storeroom, you should consider
a power end exchange and repair contract with your supplier that will provide
you with replacement power ends that are remanufactured to the original
specifications and, in most cases, come with an as-new warranty. This
approach minimizes the parts that are stocked in the storeroom and reduces
failures caused by improper rebuild procedures. Mean time to repair (MTTR)
can be reduced by replacing power ends, as opposed to a complete
replacement or rebuild when a failure occurs. This approach can also minimize
the duration of production interruptions.

If you choose to stock the parts necessary to perform your own in-house
repairs, make sure you refer to the manufacturer's recommended repair parts
list and stock the minimum amount required for each class of pump in your
operation. Parts should be stored in a clean, dry environment and clearly
marked with the appropriate stock or bin number for easy retrieval. Set
appropriate min/max levels in your stores system to support the operation and
set up an automatic replenishment process. If you store complete units or
power ends, American Petroleum Institute (APl) recommends that you rotate
the shaft 1% turns on a monthly basis to prevent bearing flat spots and work
hardened areas on the shaft.

7. Monitor Efficiency

Monitoring pump efficiency can be a very worthwhile endeavor in most

manufacturing plants. Engineers and designers generally err on the side of
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oversizing pumping systems and do not always provide control systems that
optimize energy consumption. Another factor is, as plants grow and are
modified over time, pumping systems are not modified to perform the new
requirements efficiently.

Two major factors that determine pump system efficiency are where the pump
is running on the pump curve relative to best efficiency point (BEP) and what
type of control system is used to control the pump output. Pumping against a
partially closed valve is a terribly inefficient way to control pump output.

With these factors in mind, pumping system efficiency should be continuously
monitored to ensure process demands are met at the lowest possible cost.

8. Track Lifecycle History

Data from computerized maintenance management systems (CMMS), when
properly recorded and analyzed, will provide the data necessary to
continuously improve performance and reduce the cost of your pumping
systems. The key to this statement is “properly recorded and analyzed.” From
the analysis of this data, you can determine root causes, identify “bad actor”
equipment and eliminate repetitive failures that, when resolved, offer
tremendous potential for improving the company’s bottom line.

If you use your CMMS religiously to plan and schedule all activities, record
accurate data from the work performed and analyze data on a routine basis,
then you are well on your way to tracking the lifecycle history of your
equipment. The only thing remaining is taking action on the findings from the
analysis you performed.

In our experience working with a wide range of industries, we have observed
that many manufacturers struggle to maintain an accurate database of basic
information on their equipment, let alone keeping track of the history of the
equipment throughout its lifecycle. These issues have prompted our company,
ITT, to develop Life Cycle Solutions, an asset management system that links
specifications, purchasing data and performance date to a Web-based system
using barcodes and smart phones so we can deploy an asset tracking system
with very little action required. This system enables us to have our pumping
system experts remotely analyze the lifecycle data to track mean time between
failures (MTBF), identify bad actors and repeat failures, track replacement
parts usage and provide other valuable improvement recommendations for our
clients. It also provides real-time data directly to plant operating and
maintenance teams, thus eliminating the need to leave the field to find
information like pump curves and installation/operation/maintenance manuals,
etc.
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9. Establish a Pump Management Program

One way to capitalize on the principles outlined in this article is to establish a
pump management program. Many of our clients have created teams
consisting of management, technical, operations and maintenance resources
that meet regularly and use these principles to improve existing pumping
systems. These teams make sure the proper systems are purchased for new
designs and expansions. When you consider the statistics outlined in the
opening paragraph of this article, the opportunity to reduce spending and
improve performance becomes apparent.

10. Establish a Configuration Management Process

If you have followed the recommendations in the first nine steps, you now have
a reliable, efficient and cost-effective pumping system in your plant or facility.
It is now time to establish a process to maintain the required information and
adhere to it.

To maintain the integrity and accuracy of the data and information in our
systems, there must be a process in place designed to continuously monitor
the changes we make to our equipment and processes, plus update the
information on a timely basis. Configuration management is that process and
can be likened to a management of change process where equipment data,
specifications, drawings, spare parts and other technical data is updated any
time we make changes in the manufacturing process, modifications or
upgrades to existing equipment, install new equipment, or discard obsolete
equipment.

The configuration management process should be triggered by engineering
and supported by management when changes are made to the design or
operation of the plant. Included in the process is the provision that all affected
plant personnel are given access to new information and training is provided to
ensure safe and efficient operations and maintenance of the new equipment or
processes.

If you have embraced all 10 steps in your pump management program, you
have optimized the cost and efficiency of your pumping systems and know and
understand the value for doing this. This may seem like a lot of effort to keep
pumping systems running reliably, but when you compare it to the cost of
continuous inefficiency and repeat failures, it makes it all worthwhile.
Remember, everything you learn about keeping pumping systems running
effectively and efficiently can be directly applied to all other assets, making this
investment even more valuable.
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